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Abstract 
A solar absorption cooling system with cavity receiver for demonstration was introduced. The system consisted of a double-
effect lithium bromide chiller and a parabolic trough concentrator with cavity solar receiver. The high temperature heat from the 
cavity receiver enabled the chiller to operate in double-effect state, and the refrigerant water produced by the refrigerator flowed 
through the end fan coil to adjust the room temperature. Monitoring data from the demonstration system showed that 
instantaneous efficiency of the solar cavity receiver was about 44% in direct solar irradiance of about 500W/m2, the receiver 
outlet temperature was 150oC and the temperature difference between the receiver outlet and the receiver inlet was 10oC. The 
lithium bromide refrigerator operated in the state of double effect in good solar irradiation, the refrigeration efficiency was about 
1.2, and chilled water temperature in the storage tank was about 15oC, and the room temperature was maintained at about 25oC. 
The experimental results showed that the design system could meet the demand of refrigeration and it was verified that the cavity 
receiver used in double-effect lithium bromide absorption refrigeration scheme was suitable. The relationships between the heat 
gain, inlet temperature, outlet temperature and flow rate of the working medium in the solar cavity receiver were analyzed, and 
the main influence factors on the heat gain of the solar cavity receiver were determined. On this basis, a cavity receiver heat gain 
prediction model was established based on a RBF neural network. The simulation results showed that the model predicted values 
and the measured values had good consistency, so the RBF neural network model could accurately predict the temperature rise of 
working medium of the solar cavity receiver. 
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1. Introduction 
In the present pattern of social energy consumption, air conditioning accounts for about 50% of building energy 
consumption.  The use of solar energy powered air conditioning systems can greatly reduce conventional energy 
consumption and it can also reduce environmental pollution. 
In solar refrigeration research, China started relatively late, but developed quickly. In particular some university 
research units such as Shanghai Jiaotong University, Zhejiang University, Xi'an Jiaotong University etc allocated 
human and financial resources to study solar refrigeration, and achieved many technological achievements worthy 
of application .At the same time, in order to promote energy conservation and reduce emissions of carbon dioxide, 
China's central government and local government have introduced some policies to support the application of 
renewable energy in China, for example, the government has offered the home appliance subsidies for rural areas 
where it is mandatory to install solar hot water systems, and has constructed demonstration projects and new energy 
demonstration cities and so on. In addition to policy guides, the government also issued some related new energy 
national standards and developed some professional application software to guide the healthy sustainable 
development of industry, such as " Solar energy heating technology procedures ", " Civil building solar energy air 
conditioning engineering and technical specification" and so on [1]. 
An artificial neural network has information memory and processing capabilities, and it is good at learning useful 
knowledge from the input and output data, so it shows considerable power in some scientific research and practical 
engineering applications. The nonlinear mapping and memory ability of artificial neural networks are especially 
suitable for nonlinear mathematical modeling[2].In the study of thermal performance of solar energy collectors, the 
introduction of the artificial neural network method can improve solving the problem of the collector thermal 
performance data simulation where there is uncertainty, randomness and nonlinearity. It is therefore advantageous to 
use this method to set up the simulation model for the collector characteristics analysis. 
2. Demonstration project introduction 
2.1 Systematic principle 
 
Fig.1.Summer cooling mode 
The principle of the system is shown in figure 1.In summer, when solar irradiation is plentiful, a groove tracking 
system tracks the sun automatically. At the same time, the auxiliary heat source is shut down and the thermal system 
oil pump is operated to circulate the heat conduction oil to extract heat from the cavity receiver of the solar 
concentrator. When the oil side temperature of the plate heat exchanger is higher than the water side temperature of 
plate heat exchanger, the hot water circulating pump is activated and hot water temperature rises continuously, until 
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the hot water temperature meets the requirements of the lithium bromide chiller. Subsequently, the lithium bromide 
chiller begins to operate. The condensing heat of the lithium bromide chiller flows through an outdoor cooling tower 
for cooling. At this time, the evaporator of the lithium bromide chiller produces cold water of about 15oC 
continuously and the cold water is delivered to the fan coil by a cold water pump for indoor temperature control. In 
addition, a storage tank is configured in the system in order to store the refrigerant water when working conditions 
of the lithium bromide chiller are met during the day, but the room does not need cooling. 
In summer, when the solar irradiation is inadequate, for example in rainy weather, an auxiliary electrical heating 
device is equipped in the system for energy supplement to meet the lithium bromide chiller operating requirements. 
The output power of the auxiliary heat source incorporates PID automatic adjustment to ensure the hot water inlet 
temperature meet the requirements of the lithium bromide chiller. 
2.2 System components  
This project is located in Lianyungang city, Jiangsu province, and the photo of the completed project is shown in 
figure 2. It is composed of grooved track parabolic mirror solar concentrators with a triangular chamber absorption 
heating system, hot water double-effect lithium bromide chiller, floor type fan coil end and the central monitoring 
system. 
shell
Insulating material
runner
glass cover
 
Fig.2.Solar absorption cooling system                   Fig.3.The cavity absorber structure 
The area of concentrated parabolic mirror surface is about 80m2 with the rotational axis is N-S. The indoor area 
requiring heating or cooling is about 150m2 and the room has good thermal insulation. The structure of the cavity 
absorber is shown in figure 3. The cavity absorber is composed of an absorbing surface, the runners, glass cover, 
insulation materials and stainless steel shell. The basic physical properties of different parts are shown in table1. The 
runners of the cavity absorber contain low pressure heat transfer oil. The four runners are extruded aluminium. The 
cavity absorber structure is relatively simple and reduces the processing difficulty. 
Table 1.Basic physical property of the cavity absorber. 
part name physical property 
glass cover 
material borosilicate glass 3.3 
transmittance >90% 
thermal conductivity 1.2W/(m·k) 
thickness 3mm 
insulation material 
material 
density 
specific heat 
thermal resistance 
rock wool 
80kg/m3 
1350 J/(kg·K) 
0.040W/(m2k) 
absorbing surface 
material black chrome 
absorptance 0.93~0.97 
emittance of absorber  0.07~0.15 
runner material aluminum alloy 
shell material SUS304 
The parabolic concentrators’ information is shown in table 2. 
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Table 2.parameters of the parabolic mirrors. 
material low iron super clear float glass 
thickness 4mm 
surface precision <2mrad 
reflecting material silver 
reflecting rate 92% 
protective paint three layer(UV protective layer) 
self-cleaning 
membrane titanium dioxide(thickness less-than 8mm) 
service life 10 years 
manufacturer YANENG new-tech company 
The track drive system adopts tracking for optimizing collecting efficiency and system efficiency to meet the 
demands of space cooling in summer[5].Tracking strategy is closed-loop control, and the current type angle sensors 
with sensitivity of 0.5% and resolution of 0.01eare used for signal feedback. These angle sensors are standard 
version inclinometer launched by RION company to the field of industrial control, built-in-high-precision 16bit A/D 
differential converter, through 5 filtering algorithm. Because of built in ADI company’s high precision digital 
temperature sensor that can correct the sensor temperature drift in accordance with the changes of the built-in 
temperature sensor, to ensure high repeatability of the product in the low-temperature and high-temperature 
environment. The output frequency response standards up to 50 Hz. 
The cooling system utilizes the ShuangLiang hot water double-effect lithium bromide chiller with working 
temperature of 150 oC ~160 oC, input power15kW, COP 1.2 and output power18 kW. An electric regulating valve is 
used to control hot water inlet temperature. The chiller is shown in figure 4. 
 
Fig.4.Lithium bromide chiller                             Fig.5. Floor-type vertical fan coil unit  
The auxiliary energy source utilizes a pipeline heater and the heating mode can be electric heating or gas furnace 
heating. The open type cooling tower is used as the cooling equipment. The system end consists of a floor type 
vertical fan coil unit as air supply equipment, with airflow into the bottom, and outflow from the top. The fan coil 
unit is shown in figure 5. In order to monitor the running status of the overall system, the pyranometer, flow meters 
and temperature sensors are placed at some suitable positions at the solar collectors, the chiller and the system end. 
The flow rates of the working medium in each pipeline is measured by electromagnetic flow meters with accuracy 
of 0.75% and the temperature of the working medium is measured by platinum resistance temperature sensors with 
precision of 0.15oC. All measured data is recorded by microcomputer automatically, with data acquisition interval 
10s. The monitoring and control system is shown in figure 6. The main analysis parameters include the triangular 
cavity collection efficiency, efficiency of the chiller and variation of efficiency of the chiller with heat source, 
cooling water, refrigerant water temperature and flow rate. 
3. System performance analysis 
For the solar refrigeration system, the main factors which influence the efficiency of the refrigeration system 
include heat source temperature and flow rate, cooling water temperature and flow rate, refrigerant water 
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temperature and flow rate. The temperature of the heat source is vulnerable to the influence of external factors, so in 
this paper, a suitable calculation method or model is obtained based on the test data of the demonstration project to 
analyze the main factors affecting the heat source temperature and to provide sufficient theoretical basis for 
improving the heating system and the refrigeration capability of the demonstration project. 
 
Fig.6. Monitoring and control interface 
3.1 characteristic analysis of triangle cavity absorber based on RBF neural network  
When the material, size, shape and installation location of the collector are determined, the main factors 
influencing outlet temperature changes of the collector include solar radiation, ambient temperature, and working 
medium flow rate. In particular, both factors of solar radiation and ambient temperature are not controllable[2]. 
Based on actual testing of the demonstration project, the relationship between the heat gain of the cavity collector, 
flow rate, inlet and outlet temperature of the collector is analyzed. The main factors influencing the heat gain of the 
cavity collector are determined. The predicted model of the heat gain of the collector is established using a RBF 
neural network. Under the experimental conditions, comparing the simulation result with experimental result, a 
good agreement of results has been reached. The RBF network model can accurately predict the heat gain of the 
cavity collector. 
A RBF neural network is a kind of forward network of good performance. It has the best approximation 
performance, with an output - weighted linear relationship in its structure, and the training method is rapid, easy and 
no problem of a local optimum exists. RBF neural network is a Radial Basis Function neural network and it is easy 
to extend to multiple output nodes, so a single output variable Y is considered. RBF neural network includes an 
input layer, a hidden layer and an output layer as the minimalist model. The hidden layer is composed of a set of 
radial basis functions, and the parameters associated with each hidden layer node vector are iC  (centre) and iV  
(width).The radial basis function has a variety of forms, generally taking the form of a Gaussian function. 
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Here, m is the hidden layer nodes numberĭ is the Euclidean norm; X, Ci 䌜㻌㻾㻞㻘㻌 iZ is the connection weight of 
the ith basis function and the output node (i = 1, 2,...,m). 
RBF neural network model is established in matlab simulation software, and Gaussian function is used as a 
conversion function in the RBF neural network. 
The measured data analysis: Experimental methods: the PT1000 temperature sensors are placed at the inlet and 
outlet of the cavity absorber, the vortex flow meters are installed in the collect thermal cycling pipeline, the 
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solar pyranometer is placed in the outside where the sun is unabgeschirmt. The acquisition interval of the above data 
is 10s with automatic storage. The measured data is analyzed as shown in figure 7. 
 
Fig.7. (a) Solar direct radiation curve and exchanger oil input 
 
 Fig.7. (b) the thermal energy curves of the west and east collectors 
As seen from figure 7(a), when the solar irradiation varies significantly, the temperature of the collector output 
changes more than 30°C. Seen from figure 7(b), the thermal energy curves of the collector1(west) and 
collector2(east) exhibit large thermal energy changes, even becoming negative, and the thermal energy changes 
correlate with irradiation intensity. 
The thermal efficiency of the collector in load is about 44% from some simple calculations when the outlet 
temperature of 150°C, direct irradiation Ib about 558 W/m2, ambient temperature Tamb of 35°C and in-output 
average temperature Tav of 45°C, and it meets the design requirements. When the outlet temperature is about 
100°C, the efficiency is about 57%.  
The RBF neural network model for the simulation: 
Step one: network structure choice. Considering the influential factors from the system test parameters for the 
experiment, we chose working medium inlet temperature and outlet temperature of the collector and flow rate as 
input vectors, and we chose the individual factor of heat gain of the collector as the output vector. After repeated 
trials, we chose 2 layers of RBF neural network and the number of hidden layer neurons was 100. 
Step two: data pre-processing. Experimental data exists with significant range in magnitude, for example, 
temperature range is 100~170, flow rate range is 500~700, and the heat gain range is 2000~6000. Differences of the 
input data in RBF neural network will affect the identification precision of the RBF neural network, so before 
training the network, the input and output samples are normally processed. 
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Step three: neural network training and testing. 25698 training samples of the neural network are chosen and the 
sampling frequency is 5, the mean square error 0.004 is obtained by training. 7918 verification samples are chosen 
and the sampling frequency is 5, the verified mean square error is 1.5. 
 
Fig.8. (a) approximate figure of RBF neural network training 
 
Fig.8. (b) the results of the validation 
The trained neural network approximation figure and verification results figure are shown in figure 8 (a), (b). The 
figure 8(b) shows that RBF network prediction model of heat gain of the cavity absorber fits well with the actual 
measured value, so the prediction accuracy of the RBF neural network model is high. 
Verification results show that simulation network output of heat gain of the cavity collector can be very close to 
the measured values and consequently the performance of the simulation model is very good. The RBF neural 
network model can accurately predict the gain of the cavity collector. 
3.2 Heat loss of thermal cycle pipe  
In the project, the length of stainless steel pipes from the collector to the chiller is about 60m, the working 
medium is the synthetic heat conduction oil, therminol55 that is manufactured by Solutia, the supply medium 
temperature is about 160°C, and the loop temperature is about 140°C. The stainless steel pipes are wrapped by 
aluminium silicate tube shell type thermal insulation material with inside diameter of 42 mm, outside diameter of 92 
mm, the thickness of 50 mm and the unit length is 1000 mm. Temperature sensors are located at the inlet and outlet 
of collector and a side of the heat exchanger. Using the parameters of inlet and outlet temperature difference and 
medium flow rate, heat gain of hot water and heating system are calculated. 
The heat loss of thermal insulation pipes with 30% safety factor is calculated by formula (2). 
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3.1*)/(2/1*)//()(2 DOS DoDLnDoTATVQt i    (2) 
Here , Qt - the heat loss of per unit length of pipe, W/m; TV- maintaining temperature of the system requirements, 
°C; TA- local minimum ambient temperature, °C; O - thermal conductivity coefficient of insulation materials, 
W/(mg°C); iD -inside diameter of insulation materials, m; Do- Outside diameter of insulation materials, m; į -
Thickness of insulation materials, m; D - heat transfer coefficient from insulation appearance to atmosphere, 
W/(m2g°C), rHODWHGWRZLQGVSHHGȦPV )2/6(163.1 ZD  . 
We use the summer minimum temperature 30°C, constant inlet temperature of the chiller 150°C, thermal 
conductivity coefficient 0.05, and wind speed 0.5 m/s. According to the formula (2), the heat loss per unit length of 
pipe is about 46 W/m. 
 
Fig.9 (a)temperature curves of hot water outlet and electric heating inlet 
 
Fig.9(b)temperature curves of collector outlet and heat exchanger inlet 
As seen from figure 9 (a), the maximum temperature difference between inlet and outlet of plate heat exchanger 
oil end is 10.4°C, the maximum temperature difference between inlet and outlet of the hot water end is 7.4°C. From 
figure 9 (b), the temperature difference between collector outlet and plate heat exchanger inlet is within 2°C, thus 
the pipeline heat loss is calculated to be 3 kW, about 8% of the thermal power of system, and the heat loss per unit 
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length of pipe is about 50 W, consistent with the theoretical calculation. The heat loss is less than 203 W/m (at 
150°C) which is required in “the design of industrial equipment and piping insulation engineering”. 
3.3 High pressure generator performance of lithium bromide chiller 
The efficiency of the high pressure generator of the lithium bromide chiller is mainly affected by temperature and 
flow rate of the heat source, therefore the inlet and outlet temperature of hot water for the lithium bromide chiller, 
and hot water flow rate are monitored and recorded in the system[3,4]. 
As shown in the figure 10(a), inlet and outlet temperature difference of the chiller hot water is maintained at 
20oC, meeting the basic design requirements of the chiller. In the system operation, when the inlet temperature of 
the chiller is over 155oC, the solution temperature high pressure generator can reach 121oC. Seen from figure10(b), 
with ambient temperature rising, the solvent pump of the chiller is activated, and chilled water temperature is 
reduced quickly, and chilled water flows through the fan coil units for indoor cooling, maintaining the indoor 
temperature near 25oC.The general rating value of inlet and outlet temperature of cold water for the lithium bromide 
chiller are respectively 18oC and 13oC, and in the process of the experiment, the cold water supply water 
temperature is at 12.7oC~23.7oC, and the cold water return water temperature is at 15.8oC ~22.3oC. It basically 
meets the requirements of inlet and outlet temperature of the chiller. From our data, the input power of the chiller is 
18.9 kW which is greater than the designed input power of the chiller. Our experiments have shown the cooling 
water production rate is rapid and can satisfy cooling water consumption when the pump of the chiller is operational 
for continuous cooling. 
a
 
Fig.10(a) inlet and outlet temperature of chiller hot water 
b
 
Fig.10(b) refrigerant water temperature and room temperature 
284   Haoju Li et al. /  Energy Procedia  70 ( 2015 )  275 – 284 
4. Conclusion 
The simulation network output of the heat gain of the cavity absorber calculated based on a RBF neural network 
can be very close to the measured values, so the performance of the simulation model is very good. So the RBF 
neural network model can predict the heat gain of cavity absorber accurately. The solar collector is significantly 
influenced by environmental factors, especially when it is cloudy; the collector outlet temperature 
changes considerably and affects the hot water inlet temperature of the chiller. In this case, a more precise control 
strategy is required in the system. The triangular cavity absorber used with a parabolic concentrator as heat source 
for solar chiller systems can meet the running requirements of double-effect lithium bromide chiller and can provide 
the required chiller hot water temperature of about 150oC. The fluid transfer pipe insulation thickness meets the 
design requirements and heat loss is small. In the demonstration system, the cost of the chiller and the groove cavity 
collector is relatively high. So it is not presently conducive to a marketing application. Our subsequent work is to 
optimize the structure of the system and study the range of operational temperatures for the water chiller. 
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